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Multiple behavior change 
Weight gain 
A B S T R A C T   
African Americans have disproportionate rates of post-cessation weight gain compared to non-Hispanic whites, 
but few studies have examined this weight gain in a multiracial sample of smokers receiving evidence-based 
treatment in a community setting. We examined race differences in short-term weight gain during an inter-
vention to foster smoking cessation plus weight management. 
Data were drawn from the Best Quit Study, a randomized controlled trial conducted via telephone quitlines 
across the U.S. from 2013 to 2017. The trial tested the effects on cessation and weight gain prevention of adding 
a weight control intervention either simultaneously with or sequentially after smoking cessation treatment. 
African Americans (n = 665) and whites (n = 1723) self-reported smoking status and weight during ten inter-
vention calls. Random effects longitudinal modeling was used to examine predictors of weight change over the 
intervention period (average 16 weeks). 
There was a significant race × treatment effect; in the simultaneous group, weight increased for African 
Americans at a faster rate compared to whites (b = 0.302, SE = 0.129, p < 0.05), independent of smoking status, 
age, baseline obesity, and education. After stratifying the sample, the effect of treatment group differed by race. 
Education level attenuated the rate of weight gain for African Americans in the simultaneous group, but not for 
whites. 
African Americans receiving smoking and weight content simultaneously gained weight faster than whites in 
the same group; however, the weight gain was slower for African Americans with higher educational attainment. 
Future studies are needed to understand social factors associated with treatment receptivity that may influence 
weight among African American smokers.   
1. Introduction 
African Americans experience a disproportionate burden of chronic 
illnesses and modifiable risk factors, including tobacco use and obesity, 
in the U.S. Post-cessation weight gain, or weight gain after quitting 
smoking, may be a contributing factor to observed tobacco-related dis-
parities in this group. Across all races, about 80% of smokers report post- 
cessation weight gain [i.e., an average of 4–10 pounds (lbs); 1.8–4.5 
kilograms (kg)], which usually occurs within the first three months post 
cessation (Aubin et al., 2012; Perkins, 1993) and contributes to the 
development of obesity and chronic disease risk (Chinn et al., 2005; 
Mukhopadhyay and Wendel, 2011; Yeh et al., 2010). African Americans 
previously have been shown to gain excessively [>10 lbs (4.5 kg)] and at 
disproportionately higher rates after cessation (Klesges et al., 1998; 
Swan and Carmelli, 1995; Williamson et al., 1991) compared to non- 
Hispanic whites. However, few studies examining smoking and weight 
gain have examined smokers currently seeking treatment. In contrast to 
earlier research citing excessive weight gain, more recent research 
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demonstrated that African Americans seeking tobacco cessation treat-
ment gained an average amount of weight after smoking cessation (Tan 
et al., 2018). In the current study, we sought to compare factors related 
to weight gain between African American and white smokers enrolled in 
treatment for smoking cessation and weight management. 
Although observational research has shown racial disparities in 
excessive weight gain, studies conducted with smokers receiving treat-
ment have not shown these disparities. For example, longitudinal survey 
data indicated that African American smokers gain more weight after 
quitting and were more likely to gain excessively compared to white 
smokers (Klesges et al., 1998; Williamson et al., 1991). However, no race 
differences in weight gain were observed in smokers enrolled in a lon-
gitudinal smoking cessation trial (O’Hara et al., 1998). These studies, 
conducted in the 1990s and early 2000s, primarily examined long-term 
weight change (follow up 5 and 10 years), and only a few reported in-
formation on whether smokers were receiving treatment for smoking 
and/or weight management. A recent study in 2018 examined weight 
change among African Americans enrolled in a cognitive behavioral 
therapy smoking cessation trial, and did not observe excessive weight 
gain in the sample. Abstainers gained within the average 4–10 lbs 
(1.8–4.5 kg) during a one-year follow up (Tan et al., 2018). Because a 
majority of post-cessation weight gain occurs within three months of 
quitting, studies are needed to examine short-term weight gain in 
multiracial samples of treatment-seeking smokers to identify potential 
disparities in weight outcomes. 
We aimed to study weight in smokers receiving treatment for both 
smoking and weight. In an effort to reduce/prevent post-cessation 
weight gain, weight management interventions have been adminis-
tered either simultaneously with smoking cessation or immediately 
following (Farley et al., 2012). Particularly, behavioral interventions (e. 
g., exercise, diet) have proven to be beneficial for controlling weight 
without diminishing cessation rates (Spring et al., 2009). Despite the 
concern of treatment fatigue (i.e., increased burden of changing two 
behaviors at once), adding a weight component to a standard behavioral 
smoking treatment limits weight gain in the short-term (Farley et al., 
2012). However, few interventions to date have reported efficacy among 
African Americans (Marcus et al., 2005; Spring et al., 2009), as many 
trials enrolled a small sample or did not report race. A recent effec-
tiveness trial with a larger sample of African Americans (i.e., 33%) found 
that adding weight management counseling to a tobacco quitline 
intervention did not improve weight outcomes at one year (Bush et al., 
2018). Because multiple behavior interventions have shown some evi-
dence in mitigating post-cessation weight gain, smokers in treatment 
should be compared to understand factors that may contribute to dis-
parities in weight gain. 
Understanding the distinctive factors related to weight gain in 
smokers is critical to address the disproportionate burden of tobacco- 
and obesity-related illnesses that African Americans experience. Few 
studies have compared weight in multiracial samples of smokers 
receiving evidence-based treatment in a community setting. The current 
study examined race differences between African American and white 
smokers in factors related to short-term weight gain during an inter-
vention to foster smoking cessation plus weight management. 
2. Methods 
Data were drawn from the Best Quit Study, a randomized controlled 
trial that tested the effects on cessation and weight gain prevention of 
adding a weight control intervention either simultaneously with or 
sequentially after smoking cessation treatment; study protocol, mea-
sures, methods (Bush et al., 2016), and results have been published 
elsewhere (Bush et al., 2018). 
2.1. Participants 
Participants were adults who called into one of three state quitlines 
(Indiana, Maryland and North Carolina) or ten commercial (employer- 
provided) quitlines. Inclusion criteria included: age of at least 18 years, 
body mass index (BMI) greater than or equal to 18.5, smoked at least ten 
cigarettes per day, motivated to quit smoking within 30 days, and could 
read and speak English. Exclusion criteria were: current pregnancy, 
current substance abuse or psychosis, current diabetes, history of an 
eating disorder, recent or planned obesity surgery, no access to internet, 
being unavailable for any 2-week time period over the following six 
months, and/or not interested in receiving ten coaching calls. Eligible 
participants gave verbal informed consent to participate in the study, 
and the study was approved by the Western Institutional Review Board. 
2.2. Intervention and procedures 
Details of the intervention are published in (Bush et al., 2016) and 
are summarized here. In the Best Quit Study, eligible participants (N =
2528) were randomized to one of three treatment groups: a) simulta-
neous tobacco cessation and weight management (n = 839), b) 
sequential cessation then weight management (n = 849), or c) tobacco 
cessation only (control; n = 840). Data from callers who identified as 
either non-Hispanic “Black or African American” (n = 665) or “White” 
(n = 1723) were used in the current study. During the verbal informed 
consent, participants were told that they will be assigned by chance to 
receive the standard of care cessation treatment, or a combined inter-
vention that includes weight management, and provided details of each 
intervention arm and expected treatment. The intervention consisted of 
ten coaching calls administered by a trained quitline coach. All groups 
received five tobacco cessation coaching calls, and the intervention 
groups received an additional five weight management calls either 
during the tobacco call (simultaneous) or after all five tobacco calls were 
completed (sequential). To match on contact time, the simultaneous and 
control groups received five healthy living calls following the tobacco 
plus weight or the tobacco calls, respectively. The healthy living calls 
did not discuss tobacco or weight content, but addressed topics such as 
sun protection, flu prevention, and pedestrian safety (see Appendix A for 
timeline of calls). The tobacco treatment included counseling sessions 
(e.g., developing a quit plan, problem solving, relapse prevention, etc.), 
a web intervention and mailed print materials. The weight management 
treatment included coaching calls (e.g., setting goals for diet, physical 
activity, and weight, self-monitoring, and calorie reduction), mailed 
print materials, and an optional web-based program that included online 
tracking forms. Calls lasted approximately 13 min for tobacco content 
(control and sequential), 16–22 min for tobacco plus weight content 
(simultaneous), 15–20 min for weight content only (sequential), and 7 
min for the healthy living calls (control and simultaneous). In addition, 
participants randomized to the control condition were offered free ac-
cess to a web-based weight management program after their 12-month 
assessment. 
Coaches made several attempts over five different days to reach 
participants for each of their ten planned calls (see call completion rates 
in Results section). Coaches were trained to discuss only the content that 
was scheduled for the current call using a structured pattern of coun-
seling. If a participant wanted to discuss tobacco or weight content in 
addition to content scheduled for the call, the scheduled content was 
delivered first, then the portion of those calls discussing unscheduled 
content was recorded separately as “adhoc.” Adhoc calls were included 
in the definition of “Total calls” for the respective intervention (i.e., 
“Total tobacco” or “Total weight”).” All calls were recorded, and 
research staff reviewed and coded a select number of calls to ensure 
intervention fidelity. Participants were also offered up to eight weeks of 
nicotine replacement therapy (NRT; gum, patch, and/or lozenge). All 
participants were administered surveys either over the phone or by mail 
(if unreachable by phone) at 6- and 12-months post coaching call 
intervention; they were compensated up to $110 for completing both 
surveys. 
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2.3. Measures 
2.3.1. Outcome variable 
Weight. Participants reported weight at each call, including tobacco 
only and healthy living calls, and the weight recorded from all calls, 
including adhoc calls, were used in the analysis. 
2.3.2. Predictor variables 
Smoking status. Participants reported the total number of cigarettes 
smoked the previous day (cpd; i.e., 24-hour point prevalence absti-
nence) at each call. Data were only available for calls that were 
completed. We calculated both a) quit status (0 = reporting > 0 cpd, 1 =
reporting no cpd) and b) abstinence trajectory (how often the partici-
pant reported abstinence over the intervention period; 0–100%; missing 
values were coded as smoking). 
Demographics. Race, age, sex, and education level were self-reported 
at baseline. Education level (0 = < 9th grade, 1 = 9th-11th grade/no 
degree, 2 = GED, 3 = high school degree, 4 = some technical/trade 
school, 5 = technical/trade school degree, 6 = some college or univer-
sity, 7 = college or university degree) was included as a continuous 
variable in the model. Body mass index was calculated using height and 
baseline weight, and included as a dichotomous variable (obesity; 0 =
BMI < 30, 1 = BMI ≥ 30) (Centers for Disease Control and Prevention, 
2014). 
2.3.3. Covariates 
At baseline, participants answered questions regarding weight 
concern, depression and anxiety symptoms, and exercise frequency. 
Participants answered a single question on a 10-point scale: “How 
concerned are you about gaining weight after quitting?” (≥ 6 = mod-
erate weight concern). Patient Health Questionnaire-2 (PHQ-2) 
(Kroenke et al., 2003), a 2-item depressive symptom screening, was used 
to assess frequency of depressed mood and anhedonia (cutoff score of 3 
indicated an increased likelihood of major depressive disorder). 
Generalized Anxiety Disorder 2-item (GAD-2) (Kroenke et al., 2007), a 
2-item screening for anxiety disorders, was used to assess anxiety 
symptoms (cutoff score of 3 used to identify potential cases of general-
ized anxiety disorder). Participants answered a single question on ex-
ercise frequency: “How many days of moderate to strenuous exercise did 
you do in the last 7 days?” 
2.4. Statistical analysis 
Chi-square and t-tests were performed to illustrate differences in 
baseline characteristics between races. Random effects longitudinal 
modeling, using PROC MIXED in SAS® 9.4, was used to examine race 
differences in short-term weight gain. Weight change was modeled over 
the intervention period (about 16 weeks) using the ten intervention call 
time points. The effects of the predictor variables on both intercept 
(baseline weight) and slope (rate of weight change) were examined. Quit 
status (0 = smoking, 1 = abstinent) was entered in level 1 as a time- 
varying covariate to account for the variability in smoking status at 
each assessment. Because it is recommended that both within- and 
between-person variances are considered when analyzing time-varying 
covariates (Hoffman, 2014; Hoffman and Stawski, 2009; Howard, 
2015), we created the variable of abstinence trajectory (range: 0–100%) 
to represent the between-person variance of quit status and included it 
on level 2 as a time-invariant variable. The nature of smoking is dy-
namic, with most adults taking multiple attempts to quit successfully. 
The within-person, time-varying, effect captures the concept that for 
each individual, their quit status could change from one assessment to 
another. The between-person, time-invariant, effect captures whether 
people who, on average, are quit more often, weigh more than those 
who are quit less often or not quit at all. Accounting for whether a person 
is abstinent at a specific assessment point (i.e., “quit status”) versus 
whether a person is usually abstinent or not (i.e., “abstinence 
trajectory”) is an important distinction. Race (0 = white, 1 = African 
American) and intervention condition (dummy coded; 0 = control, 1 =
simultaneous, 2 = sequential) were entered on level 2 to predict both the 
intercept and slope. Covariates of sex (0 = male, 1 = female), age 
(continuous), obesity (0 = not obese, 1 = obese), education level 
(continuous), weight concern (continuous), and exercise frequency 
(continuous) were included as control variables on level 2 to predict 
intercept. In cases of missing data on weight, all available information 
and weighted estimates were used. Therefore, if a participant was 
Table 1 
Sample characteristics aggregated across treatment groups of telephone quitline 























Sex (%)a     <0.0001  
Male 34 36 33   
Female 66 64 67   
Education level 
(%)a     
0.014  
Less than high 
school 
20 21 20   
High school 24 27 23   
Greater than 
high school 
56 52 57   
Cigarettes per 





























44 39 46  <0.0001  








<0.0001   
Smoking and treatment variables 
Abstinence 
trajectory (% 
of time quit 
during 
intervention)a 




















1.10 (1.55) 1.10 
(1.59)  













2.37 (1.52) 2.33 
(1.52)  
0.138 1–5 
Total callsa 3.83 
(3.19) 
3.96 (3.13) 3.77 
(3.23)  













0.78 (1.33) 1.03 
(1.62)  
<0.0001 1–5 
Total callsa 3.79 
(2.83) 
3.49 (2.60) 3.90 
(2.90)  
<0.0001 1–5  
a Significant Х2 or t-test comparing each variable by race (p < .05). 
b Scores on Patient Health Questionnaire (PHQ)-2 or Generalized Anxiety 
Disorder (GAD)-2 that are ≥ 3. 
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missing measurements for a specific phone call, the entire case was not 
removed from analyses (Singer and Willett, 2003). 
3. Results 
Sample characteristics are found in Table 1. There was a higher 
prevalence of African Americans in the simultaneous group (35.59%) 
than in the sequential (32.73%) or control (31.68%) groups. At the 6- 
month follow-up, African Americans were more likely to report 7-day 
and 30-day point prevalence abstinence (OR = 1.43, p < .05 and OR 
= 1.41, p < .05, respectively). Overall, response rates were significantly 
lower for simultaneous group (42.8%), compared to control group 
(48.8%), but was not different from the sequential group (46.5%). 
3.1. Weight gain in the overall sample 
Controlling for race, sex, age, education level, weight concern, 
obesity, and exercise frequency, baseline weight was positively associ-
ated with abstinence trajectory (b = 10.239, SE = 3.03, p < .001). There 
were no associations between baseline weight and race (p > .05) or 
intervention group (p > .05). Although time-varying quit status was not 
predictive of weight gain over time (p > .05), abstinence trajectory was 
positively associated with the rate of weight gain (b = 0.207, SE =
0.091, p < .05); as the percentage of time being abstinent increased, the 
rate increased. The interaction of race × intervention group was sig-
nificant, such that African Americans in the simultaneous group had a 
higher rate of weight gain (b = 0.301, SE = 0.129, p < .05) compared to 
whites in the same group (see Fig. 1 for visual depiction of interaction 
effect). Of note, the simple effect of the simultaneous intervention group 
was negatively associated with the rate (b = -0.368, SE = 0.185, p <
.05), indicating that white participants in the simultaneous group had a 
slower rate of weight gain compared to those in the control group (see 
full results in Appendix B). 
3.2 Weight. gain in the stratified sample 
Analyses were then conducted separately for African American and 
white participants to examine whether the above predictors were sig-
nificant in the race-specific sub-samples. Next, we explored variables in 
the stratified samples that may explain further race differences in the 
effects of the intervention group. We hypothesized that mood and ed-
ucation level might influence responsiveness to the intervention and, 
therefore, predict outcomes during interventions with a high participant 
burden of behavior change (i.e., the simultaneous group having the 
greatest burden). Baseline psychosocial variables of depressed mood [0 
= not depressed (PHQ-2 score < 3), 1 = depressed (PHQ-2 score ≥ 3)], 
anxiety symptoms [0 = no anxiety (GAD-2 score < 3), 1 = anxiety (GAD- 
2 score ≥ 3)], and education level were included in the models to predict 
intercept and slope and examine interactions with intervention group. 
The simultaneous group was the reference group in the stratified 
analyses. 
3.2.1. African American subsample 
Overall model. In the sample of African Americans, obesity (b =
59.372, SE = 3.204, p < .0001), sex (b = -28.481, SE = 3.278, p <
.0001), age (b = -0.304, SE = 0.133, p = .023), and weight concern (b =
1.365, SE = 0.480, p < .01) were associated with baseline weight; ed-
ucation level was not significant (p = .686). Neither time-varying quit 
status nor abstinence trajectory were associated with rate of weight 
change. Intervention group predicted slope, such that African Americans 
in the control group had a slower rate of weight gain compared to the 
simultaneous group (b = -0.226, SE = 0.115, p = .049), indicating that 
those in the simultaneous group gained weight quicker than those in the 
control group. 
Exploratory analysis. Controlling for baseline covariates and smoking 
variables, depressed mood and anxiety symptoms were not associated 
with initial weight or rate of change (p > .05). However, there was a 
significant education × intervention group interaction (Table 2); those 
with higher education levels in both the control and sequential groups 
had a faster rate of weight gain than those with higher education levels 
in the simultaneous group (see Fig. 2 for visual depiction of the inter-
action effect). Furthermore, the simple effect of education level on rate 
of weight gain was significant, indicating that weight increased at a 
slower rate as education increased for all in the simultaneous group [see 
Eq. (C.1) in Appendices]. 
3.2.2. White subsample 
Overall model. Similar to the African American subgroup, obesity (b 
Fig. 1. Results of a mixed effects multilevel model examining change in weight over time for participants receiving a multiple behavior change intervention 
administered through the telephone quitline in the U.S. from 2013 to 2017. This graph is a visual representation of the effect of race on weight gain and illustrates the 
predicted values for African American and white participants receiving a smoking cessation and weight management treatment simultaneously. 
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= 66.399, SE = 1.738, p < .0001), sex (b = -34.844, SE = 1.876, p <
.0001), age (b = -0.287, SE = 0.068, p < .0001), and weight concern (b 
= 1.333, SE = 0.310, p < .0001) were associated with baseline weight; 
education level was not significant (p = .851). Exercise frequency was 
associated with baseline weight (b = -0.874, SE = 0.333, p < .01). 
Abstinence trajectory was associated with baseline weight (b = 10.657, 
SE = 3.444, p < .01), but not with rate of weight gain (p = .065). 
Additionally, intervention group predicted slope; among whites, those 
in the sequential group had a faster rate of weight gain compared to the 
simultaneous group (b = 0.165, SE = 0.077, p = .032). 
Exploratory analysis. Controlling for baseline covariates and smoking 
variables, depressed mood was positively associated with initial weight. 
Education level × intervention was negatively associated with rate of 
weight gain, with rate slowing as education level increased in the con-
trol group compared to the simultaneous (b = -0.070, SE = 0.030, p =
0.02). However, depressed mood was a better predictor of the effect of 
intervention group on slope and included in final model (Table 2). There 
was a significant depressed mood × intervention group interaction; 
those in the control group had a faster rate of weight gain for partici-
pants who reported depressed mood compared to those with depressed 
mood in the simultaneous group [see equation (C.2) in Appendices]. 
4. Discussion 
In the overall sample, the rate of weight gain was increased for Af-
rican American smokers in the simultaneous group compared to white 
smokers in same group. In the stratified analyses, abstinence trajectory 
(i.e., the average time an individual was abstinent over the intervention 
period) was not associated with weight gain in African Americans, but a 
higher abstinence trajectory was associated with higher baseline weight 
in whites. Intervention group predicted weight gain for both groups. 
However, African Americans in the simultaneous group had a faster rate 
of weight gain, whereas whites in the simultaneous group had a similar 
rate, compared to the control group. Results of the exploratory analyses 
indicated that psychological factors (i.e., current mood symptoms) did 
not help explain differences in weight gain among intervention groups 
for African Americans, but they did have an impact in whites. In 
contrast, education was predictive of rate of weight gain for African 
Americans. 
4.1. Abstinence predicts weight gain for white and not African American 
smokers 
Weight gain was not significantly different between African Amer-
ican and white smokers in those receiving only a tobacco intervention 
(control group). This is consistent with a previous study that showed no 
race differences in observed post-cessation weight gain among smokers 
receiving behavioral treatment plus NRT for smoking (O’Hara et al., 
1998). When looking at racial groups separately, the effect of abstinence 
trajectory on weight gain is not present among African American 
smokers. For white smokers, abstinence trajectory is still positively 
associated with weight, which is consistent with previous studies illus-
trating an average weight gain of 4–10 lbs (1.8–4.5 kg) after quitting 
(Aubin et al., 2012). This finding is not surprising; associations seen in 
post-cessation weight gain literature may be driven by the large sam-
pling of white smokers, as many previous studies had small samples of 
non-white participants or did not report the racial makeup of the sample 
(Aubin et al., 2012). Yet, recent studies of smokers [with representative 
samples of African American smokers (e.g., >30%)] undergoing smok-
ing cessation and weight management treatment found no association 
between abstinence and weight gain at one and two years post-cessation 
(Bush et al., 2018; Johnson et al., 2017). Our results show that time- 
varying quit status is not predictive of short-term weight gain for Afri-
can Americans, so there may be other attributes to weight gain in the 
population of African American smokers who are undergoing treatment 
for both smoking cessation and weight management. This is notable as 
there were differences in abstinence rates in this sample; African 
Americans had higher quit rates at six months post intervention. 
Further, studies documenting disparities in post-cessation weight gain 
had longer follow up periods (from 5 to 15 years) (Klesges et al., 1998; 
Williamson et al., 1991) compared to those that did not find race dif-
ferences (from 2 weeks-2 years) (Bush et al., 2018; Johnson et al., 2017; 
Weg et al., 2001). This indicates that racial disparities in post-cessation 
weight gain may be pronounced several years after quitting. It is also 
possible that other factors, which may not be directly related to the 
immediate resulting biological mechanisms of smoking cessation (Filo-
zof et al., 2004), are contributors to weight gain among African 
Table 2 
Unique predictors of weight gain among African American and non-Hispanic 
white adult quitline callers in the U.S. from 2013 to 2017; results of a strati-





with Initial Weight 






Time (in weeks) 0.456 (0.164) 0.006 0.0391 
(0.075) 
0.599 
Control group − 0.684 
(3.837) 
0.858 2.561 (2.107) 0.224 
Sequential group 0.122 (3.838) 0.975 0.616 (2.112) 0.770 
Abstinence 
trajectory 








Female sex − 28.316 
(3.364) 
<0.0001 − 34.369 
(1.93) 
<0.0001 
Age − 0.334 
(0.139) 
0.017 − 0.286 
(0.070) 
<0.0001 
Education level 0.226 (0.743) 0.761 0.231 (0.401) 0.565 
Exercise frequency − 0.651 
(0.604) 
0.282 − 0.871 
(0.345) 
0.012 
Weight concern 1.389 (0.495) 0.005 1.298 (0.322) <0.0001 
Depressed mood − 4.916 (3.80) 0.196 4.303 (2.101) 0.041 
Anxiety symptoms − 0.234 
(3.495) 




with or Predicting 
Change in Weight 
Over Time 
Estimatea(SE) p Estimatea(SE) p 
Quit status − 0.338 
(0.880) 
0.701 − 0.690 
(0.363) 
0.057 
Control groupb ¡0.684 
(0.235) 
0.004 − 0.053 
(0.089) 
0.549 
Sequential groupb ¡0.572 
(0.271) 
0.035 0.077 (0.093) 0.409 
Abstinence 
trajectory 
0.265 (0.179) 0.139 0.158 (0.102) 0.121  
Unique Predictors for African Americans 
Education levelb ¡0.091 
(0.032) 










0.036    
Unique Predictors for whites 









sequential group   
0.155 (0.170) 0.364  
a Average differences in baseline weight in pounds (lbs.) or rate of weight gain 
per one-unit change in the predictor variable (if continuous) or between groups 
(if categorical); SE = Standard Error. 
b Significant at p < .05. 
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Americans over time. Exploring psychosocial and environmental factors 
among African American ex-smokers may be necessary to understand 
observed racial disparities in long-term weight gain upon smoking 
cessation. 
4.2. Education predicts weight gain for African Americans 
Education level moderated the effect of the simultaneous group on 
rate of weight change controlling for the effects of quitting, except the 
direction of the effect differed by race. As education level increased for 
African Americans in the simultaneous group, the rate of weight change 
decreased compared to the control group. Conversely, for whites in the 
simultaneous group, the rate increased compared to the control as edu-
cation level increased. Although higher rates of weight gain are seen for 
African Americans in the simultaneous group in the overall sample, 
education level appears to be protective for this group alone. Research 
on education and obesity among African Americans has shown mixed 
findings. Previous studies have shown that African American women 
who were higher educated weighed more over time than those who were 
lower educated (Lewis et al., 2005; Wang and Beydoun, 2007; Bennett 
et al., 2007). Yet, more recent studies have shown a null association 
among African Americans; these studies took a nuanced approach at 
examining education and measures of obesity (Cohen et al., 2013; Yu, 
2012). Our finding is more consistent with literature in the overall 
population that shows an inverse association between education and 
obesity in high-income countries, such as the U.S (Cohen et al., 2013), 
and with a study conducted with treatment-seeking African American 
women (Yu, 2012). While intensive, multiple behavior change treat-
ment may be burdensome to some smokers, higher educated African 
Americans may be more equipped and likely to respond to simultaneous 
treatment to reduce weight gain. For example, Barnes and Kimbro 
(Barnes and Kimbro, 2012) identified a large sample of educated (60% 
had at least a college degree) African American women who lost and 
maintained ≥10% of body weight over five years using both dietary and 
physical activity strategies, as well as monitoring their weight using a 
scale (Barnes and Kimbro, 2012). The weight management intervention 
in the current study consisted of setting goals around similar strategies, 
including reducing caloric intake and increasing activity, and partici-
pants engaged in monitoring their weight. Although we are unable to 
conclude based on results of the current study the reasons that African 
American women and men with higher education levels in the simul-
taneous group (in contrast to whites) had a slower rate of weight gain, 
self-monitoring of weight may be important to examine as a weight 
reduction strategy for this group, specifically. Participants also may 
have been more likely to employ strategies to reduce weight gain that 
were similar to strategies that helped them successfully quit smoking, as 
African Americans had a higher quit rate in simultaneous group than 
whites. An additional result to explore is that African Americans in the 
simultaneous group initiated more adhoc calls for weight than their 
white counterparts (who initiated more adhoc calls for tobacco), 
although the average number of adhoc weight calls was small [e.g., 3.8% 
of African Americans made ≥ 1 call (range: 0–2 calls) vs. 3.1% of 
whites]. This finding is intuitive as African Americans had a higher BMI 
at baseline and may have been more interested in weight control, with 
higher educated individuals being more likely to seek out additional 
treatment. Thus, observed differences in weight outcomes between races 
in the simultaneous group may not be a direct result of intervention 
components, but rather a function of differing motivations to change 
certain behaviors (weight for African Americans vs. tobacco use for 
whites). It is worth noting that the nature of the simultaneous inter-
vention (i.e., discussing two behaviors during one call) highlighted this 
differential motivation and preference for targeting a specific behavior. 
In addition, dietary quality (e.g., fruit and vegetable intake), which is 
associated with both education level and obesity, is a factor that war-
rants further exploration to better understand the association between 
educational attainment and weight gain in a treatment-seeking sample 
of smokers. 
4.3. Strengths and limitations 
The prospective and within-person study design allowed for a 
rigorous look at specific factors that influence weight change for each 
racial group. However, the study consisted of smokers who proactively 
called the quitline for cessation help, so the sample may not be gen-
eralizeable to non-treatment-seeking smokers. Diet/eating habits are 
well-known factors that contribute to weight gain, and we were not able 
to account for this in the model. Similarly, although we included a 
measure of exercise frequency at baseline, we did not have a measure of 
Fig. 2. This graph is a visual representation of an interaction effect of education level and intervention group on weight gain over time for African American quitline 
callers. This graph illustrates the predicted values for African Americans in each intervention group of a randomized controlled trial testing efficacy of adding a 
weight management intervention to a telephone quitline tobacco cessation intervention in the U.S. from 2013 to 2017. 
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exercise or other physical activity that occurred during the intervention. 
Nicotine replacement therapy has been shown to limit weight gain, and 
NRT use was not available for this analysis. Depression and anxiety 
symptom measures were brief and did not indicate a diagnosis of a mood 
disorder; it is unknown whether participants in this sample experienced 
and/or received treatment for mood symptoms during this intervention. 
Furthermore, current smoking status and weight measures were 
collected using self-report data. Although biochemically verifying 
smoking status is preferred, population-based tobacco research studies 
have standardly used self-report measures of smoking. Self-reported 
weight is generally a concern because of biased reporting (i.e., under-
reporting) and differential reporting by race (e.g., white adults having 
higher degree of underreporting compared to African Americans), 
especially as the degree of overweight/obesity increases. Yet, partici-
pants self-reported weight several times, and the within-subjects 
reporting should hold bias constant in this study. 
Finally, results should be interpreted in light of limitations of the 
data. Education was examined continuously to explore potential race 
differences in trends in its effect on weight gain; however, this coding 
assumed equal distances between values. The call completion rate dur-
ing the intervention was about half of the calls offered, which is similar 
to the completion rate of quitline callers and expected for this commu-
nity sample of quitline callers (Bernstein et al., 2016; Lien et al., 2016; 
Vickerman et al., 2015). The low call rates for the weight component 
could be due to the limited availability of coaches trained on weight 
management compared to those trained on tobacco only; this resulted in 
delays in coaching calls for the simultaneous and sequential groups. The 
differences in call completion (sequential group received fewer weight 
calls than the simultaneous) and in response rate at 6 months (simul-
taneous group had lower rate than control) could represent differential 
effects in implementation of the weight intervention rather than the 
intervention itself. Therefore, we controlled for treatment group sepa-
rately in the model to account for differences in intervention receptivity, 
as well as focused our discussion on comparisons of the simultaneous 
group to control (cessation-only) group. We were still able to compare 
races given the tobacco and weight call completion rates within the 
simultaneous treatment group were similar between races. Of note, 
differences in weight change between races and among intervention 
groups were small. Because the study was limited to short-term weight 
gain, we did not expect large group differences or changes in weight 
over the four-month period. 
5. Conclusion 
Recent research has highlighted the importance of targeting shared 
risk factors for chronic diseases, including tobacco use and obesity. In 
this community sample of quitline callers, we found differences in 
weight gain between African American and white smokers who received 
an intervention to foster smoking cessation and weight management 
simultaneously, with African American smokers gaining weight at a 
quicker rate over about four months. However, having higher educa-
tional attainment reduced this rate of weight gain for African Americans. 
These results help to identify protective factors for African Americans at 
high-risk for weight gain and obesity, and support the need to target 
groups on socioeconomic variables when designing behavioral in-
terventions to improve weight outcomes in African Americans. Future 
research with more robust data and uniform intervention delivery 
should explore how socioeconomic (e.g., education level) and psycho-
social factors contribute to weight management intervention receptivity 
among African Americans. Specifically, studies with quality of educa-
tional attainment, longitudinal measures of energy expenditure, longi-
tudinal mood symptomatology, and objective measures of weight and 
smoking cessation are warranted. 
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Appendix A  
Table A1 
Call schedule for a smoking cessation and weight management multiple 
behavior change intervention delivered via the telephone quitline in the U.S. 
from 2013 to 2017. The ‘control group’ received the standard tobacco cessation 
calls offered by the quitline; the ‘simultaneous group’ received the standard calls 
plus added weight management calls administered during the same phone call; 
the ‘sequential group’ received the standard tobacco calls plus weight man-
agement calls delivered following the completion of the tobacco calls. The 
healthy living calls were administered to the ‘control’ and ‘simultaneous’ groups 
to match the ‘sequential’ group on contact time.   




Simultaneous group Sequential group 
Call 1 Tobacco Tobacco + Weight Tobacco 
Call 2 Tobacco Tobacco + Weighta Tobacco 
Call 3 Tobacco Tobacco + Weight Tobacco 
Call 4 Tobacco Tobacco + Weight Tobacco 
Call 5 Tobacco Tobacco + Weight Tobacco 
Call 6 Healthy living Healthy living Weight 
Call 7 Healthy living Healthy living Weight 
Call 8 Healthy living Healthy living Weight 
Call 9 Healthy living Healthy living Weight 
Call 10 Healthy living Healthy living Weight  
a During Call 2, participants were transferred to a registered dietician to 
receive the weight content. 
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Appendix B  
Appendix C. Final combined multilevel models of weight change 
within African American and white quitline callers receiving a 
multiple behavior change intervention 
C.1. African American subsample 
Weightit = β00 + β01(Controli) + β02(Sequentiali) + β03(Abstinence 
trajectory) + β04(Obesityi) + β05(Sexi) + В06(Agei) + β07(Educationi) +
β08(Exercisei) + β08(Weight concerni) + β09(Depressedi) + β010(Anxietyi) 
+ β10(Timeit) + β11(Quitit) + β12(Controli × Timeit) + β13(Sequentiali ×
Timeit) + β14(Abstinence trajectoryi × Timeit) + β15(Educationi × Timeit) +
В16(Educationi × Controli × Timeit) + β17(Educationi × Sequentiali ×
Timeit) + r0i + r1i(Timeit) + eit 
C.2. White subsample 
Weightit = β00 + β01(Controli) + β02(Sequentiali) + β03(Abstinence 
trajectory) + β04(Obesityi) + β05(Sexi) + В06(Agei) + β07(Educationi) +
β08(Exercisei) + β08(Weight concerni) + β09(Depressedi) + β010(Anxietyi) 
+ β10(Timeit) + β11(Quitit) + β12(Controli × Timeit) + β13(Sequentiali ×
Timeit) + β14(Abstinence trajectoryi × Timeit) + β15(Depressedi × Timeit) +
В16(Depressedi × Controli × Timeit) + β17(Depressedi × Sequentiali ×
Timeit) + r0i + r1i(Timeit) + eit 
Definition of terms: β0i = average baseline weight (intercept); β1i =
average rate of weight gain (slope); r0i = error component of intercept; 
r1i = error component of slope; eit = overall random error 
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